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COMPOSITION OF MATERIALS FROM VARIOUS ELEVATIONS 
IN AN IRON BLAST FURNACE 


By S. P. Kinney 


INTRODUCTION 


The Bureau of Mines recently completed an investigation of the 
gas composition, temperature, and pressure at a series of planes in a 
blast furnace making foundry iron in the southern district. Samples 
of coke, metal, slag, limestone, and stock were recovered from points 
between the tuyére plane and stock line. If complete and representa- 
tive samples of stock could be obtained from various points across a 
series of planes between the stock line and tuyéro level while the 
furnace is in operation, analyses of these samples would present a 
clear picture of most of the steps in the reduction process. Aside 
from giving the position of the zones of reduction, calcination, and 
slag formation, the samples would be valuable in determining where 
the iron acquires its carbon, sulphur, phosphorus, manganese, and 
silicon. Such an investigation was suggested by a number of opera- 
tors who are interested in control of the composition of pig iron. 
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2 COMPOSITION OF MATERIALS IN AN IRON BLAST FURNACE 


VISUAL EXAMINATION OF MATERIALS FROM FURNACE 


The samples reported were taken from a furnace running on 
southern red and brown ores and nodules made from pyrite sinter to 
produce foundry iron. Figure 1 is a section of the furnace, showing 
the position of sample holes 4, 5, and 6. 
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FIGURE 1.—Section of blast furnace, showing holes through lining for sampling gas and ( 
materials from the interior 
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PREPARATION OF SAMPLES 3 


Hole 4 is near the zone of slag formation and just below the sponge- 
iron zone. Slag is generally found here, depending on the working 
condition of the furnace. At this point none of the ore could be 
identified; reduction was nearing completion before the ore had 
reached this level, as gas analyses showed. Metal was found inter- 
mingled with the various materials in the samples as sponge and 
small pellets. As would be expected, coke was the only substance 
that had not changed its identity materially by the time it had 
reached this plane. Samples of coke were decidedly rounded on the 
edges, showed signs of abrasion, and contained slightly more metallic 
iron than the stock coke. Some pieces were covered with semifused 
slag-forming material. Several samples of thoroughly calcined lime- 
stone were obtained. Very few large pieces of limestone were found, 
these not over 10 mm. in diameter, indicating that after calcination 
the limestone is thoroughly broken into finely divided pieces and 
mixed with the charge. Much of the material could not be identified 
as ore, coke, or limestone, and analysis showed these samples to be a 
mixture of the three. All the samples but coke taken from plane 5 
were fused. 

Slag samples contained metal in small pellets, which had impreg- 
nated theslag. As will beshown later, theslag was not like that taken 
from the slag notch or that found at the tuyére level. It was fluffy, 
had an apparent density of less than 1, and was gray to white in 
color. 

SAMPLING METHODS 


Samples of stock were collected from the interior of the furnace by 
opening the sample hole and allowing the stock to be blown out of 
the furnace into a metal container; these samples were allowed to 
cool in an air-tight meta] container in a reducing atmosphere. 

Samples from hole 5, which is 27 inches above the center line of the 
tuyéres, were collected by allowing the fused material to blow or run 
out of the furnace into the container. 

A number of samples were collected from the center of the furnace 
at the tuyére level by drilling gas-sampling tubes which had been 
plugged while in the furnace. The position of the end of the sam- 
pling tube when plugged was noted. 


PREPARATION OF SAMPLES FOR THE LABORATORY 


The samples were composed of a mixture of various materials and 
were large enough to be separated into various portions for analysis. 
In general, the procedure was as follows: The sample was weighed and 
& portion set aside for leaching and determination of cyanide and 
total alkali. The remainder was divided into coke, metal, slag, lime- 
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stone, ore, and unidentifiable substances. 


Much care was needed in 
obtaining clean samples of metal.for analysis. The results reported 
for analysis of metal are for small clean particles. 
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FIGURE 2.—Section of 300-ton furnace, showing lines of equal CO; content 
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Plane 2 


Plane 3 
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TEMPERATURE, PRESSURE, AND GAS COMPOSITION 5 


TEMPERATURE, PRESSURE, AND GAS COMPOSITION AT VARIOUS PLANES 


About 1,000 gas samples were taken to determine the gas composi- 
tion at the various planes; detailed results of this sampling are 
reported elsewhere.'' Figure 2 has been plotted from the gas analyses 
to show the lines of equal CO, content. Table 1 shows the tempera- 
ture, pressure, and average gas composition at each plane; the last 
was determined by integration of the results of gas sampling across 
each plane. Figure 3 gives the average CO and CO, percentages. 

Table 2 gives analyses of representative samples of stock, weighing 
26 to 200 pounds, collected from plane 4. The iron content was 
checked against the calcu- 
lated iron content of the 
stock at this point and the 
analysis of the ore burden. 

Tables 3 and 4 give anal- 
yses of samples of metal cast 
compared with samples of 
metal obtained from the 
tuyére planeand from sample 
holes 4, 5, and 6. In Table 
5 samples of slag from the 
cinder notch are compared 
with samples obtained from  Fiovure 3.—Relation between distance above tuyére level 
the various sample holes. and percentage of reduction 
Analyses of a number of samples of coal and coke are given in 
Table 6; these contain analyses of samples of bone and slack (used 
for making foundry coke), a composite sample of furnace coke, and 
samples of coke tuken from hole 4 and the iron notch. 
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TABLE 1.—Position of planes, temperatures, and pressures and analysis of gases 
by weight and volume, compared with bosh gas and air 4 


| Pres- Gas analysis 
"a Below ee Tem- 
Above ‘1. |pounds] pera- : ee 
Planes tuyére + ite | per ture, Per cent by volume Ter cent by weight 
square Ca eee oe i? eee 1 Pees thay Ceo Sn gr ce i owe 
ach coe; co | ge | Ne | coel co | ne | No 
1 2 3 4 5 6 7 8 9 10 11 12 13 
Ft, in. | Ft. in | | 
‘LOD BiSitaeciw sted ode Aol a ole 168.0; 9.9 | 28.1 20 | 60.0 | 14.9 277.0} 0.1 | 58.0 
IN Os ol ete ie Fos Ce GO 4 3 «OO 0. 45 204. 4) 10.30 27.04) 1.87: 60. 79: 15.5 | 25.9 .1 | 58.5 
NO: 20.40 e320 0S | 53 4 10 © | 2.3 | © 465, 5) 12.14 26.50) 1.69 59. 67; 18.1 | 25.1 -1 | 56.7 
NOt 2a e eee 419 21 7 3.7 | ¢ 745.0] 9.02 28.62) 1.64 60.72) 13.7 | 27.64 -] | 58.6 
No. 4_...-----...-.- 19 3 441 10.4 | «853 1.10 33.6 8 | 64.50) 1.73, 33.5 . 06) 64. 65 
Bosh gas._...----.- Se Pn (reer eee nee ei 41,350 .0 | 34.10 . 79) 65. 11 .0 | 34.16 . 05) 65. 79 
AMR etieecccgy ies Peccrecoe ce, a 0 0 | 20.9 | 79.081 [0] .0 | 23.15) 74.85 


¢ Composition of gases at each plane derived by integration of average analyses of a scries of sample 
taken between inwald and center of furnace. 

’ Distance from center line of tuyéres. 

e Average tempernture between inwall and center of furnace. 

é Assuming average temperature of plane 6 as 1,350° C. 

1 Kinney, 8. P., Royster, P. H., and Joseph, T. L., Reactions in an Iron Blast Furnace: Tech. Paper 
$301, Bureau of Mines. (In press.) Reactions in the Iron Blast Furnace: Repts. of Investigations, Serial 


2747, Bureau of Mines, 1926, 11 pp. 
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TABLE 2.—Analyses of samples of stock removed from plane 4, showing per cent of 
Fe, FeO, and Fe,0, 


| 
Iron | Iron ! 
No. Si02 | AlOs | (90; |- 
Me- | Fer- | Ferric 8 Me | Fer- | Ferric 
tallic | rous tallic | rous | © 
|e eee eA Ree EER 51.66} 2.04] 3.91 | 1428 v9.0} 2541 89.7 35 | 68 
| Ee, ADRES 30.02] 203) 3.97 {21422 |........ 7.581 83.3 5.61 ILI 
C EINGL GT Ce mT GS OCDE NB 3250] 1.601 3.28{ 13.10 82! 430) 84.8 44 a8 
| 86.6 | 4.5 a9 


1 Tron, 100 per cent. 2 Includes Al303. 


TaBLE 3.—Composition of metal produced compared with samples from tuyere plane 


| Analysis, per cent 


Total | Analysis 


S 

Date ource Time 7 c s aie Serbon by— 
Oct. 14, 1923 | Cast._....-..-] 10.30 a. mi... 2... 7 aes Q. O41 0. 81 0.76 [..0 22.2... (1) 
Do......- Tuyére........) 1.30 a. mello... 2. 60 . 069 . 32 1. 82 3.78 (?) 
Do.__._..} Cast. ....22...) 6.80 p. mii. lll 2.14 . O41 .$l 4B) bessns ced. ) 
Oct. 17,1924 |....- do.........] 10.30 a. m._..22.2. 2. 40 . 061 55 60 |... (iy 
Do.....-- Tuyére.......-] 11.30 a. me. 2 lie. . 65 1 . 20 . 68 3. 94 (?) 
Do......- CC SER aoe 5.30 p. M.__..----- 2. 05 . O47 . 49 a.) (1) 
Oct. 30, 1924 j_....- do._......./ 10.30 a. mill... 2. 04 . 042 47 i, a () 
ee Tuyére.....22-{ 11.30 a. mel ll le 2. 30 .137 31 . 86 3.97 (1) 
Do..._..- CNStocs coca al 5 80 Pie Meee ceee 2. 82 . 08 §2 SED) Peewee ay *. 3) 
Jancs IS21020 7 UVeres eee BO Oe Me od ech lee ea sees eee od oe ce des 3.201 (7) 
May 4, 1923 |.... do........-| 9.309. m_......... 2. 82 OOS Jowecc dun 3 155: (4 
Oley ce cA ict dl MeO Th IMac cam ven . 66 101 . 30 .37 23: () 
May 5, 1924 bee do.........| 930 a. m_......22. 3.34. .020 . 26 . 48 278 


1J. 8. Landers, chief chemist, Central Iron & Coal Co., Holt, Ala. 
? Bureau of Mines, Minneapolis, Minn. 
>From east and west furnaces, American Rolling Mill Co., Columbus, Ohio; analysis by company. 


TaBLE 4.—Composition of metal produced, compared with samples from holes 4 
and 5 


Analysis, per cent 


We aR fae 2 Anal- No. 
Date Source Time | | | = _ oe esitt 

ra- om- by¥Y—|,, 

Si | S | P | Mn |Total phitie | bined, ple 
BN ee te car Rha “see ae : eres | ne eret  eeee | eee (eR 
Jan. 31,1924 | Cast...._.. 5.30 a.m_....- 2.44 '0.099!0.72 | 0.53 |... eee aaa lw 1 
Do.._....|.... .do..... - 10.30 a.m_.... 2.31 | .039' .76 .51 |... 8... Be Oh cn Weta | (1) 2 
Do.......| Hole 6.2... 11.30 8. m___.. 229 ; .1s4F. .52 .71]3.17. 290 |027) ( °3 
Do.._....|..-.-. Gicsctese do....._..| 1.70 wo! .45 | 1.52 ]3.42 290 62 | (Q) 4 
Yo... isto cles do_.......| 2.19 028 |... NOB cisee cat a  OWees 0 j 15 
Do _|.....do.....|....-do....._..| 2.72 090 49 | 1.43 | 3.44 3.22 21 (d 16 
Do....... Cast .__.. 5.00 p. m..._.- 2.39 | .028 | 52 | 156 | 3.64 (3.06 | .58] ( | 7 
Yo... ..|.....do..... 0... O........| 2.29 022 | .59 pi Mia eas 2 it Wot er (1) 8 
Feb. 11,1923 |... do.....] 5.308. m__...- 4.42 | O41 | 675 | 64 [2 22.. Lpecden esata (1) 9 
Yo_.__.._|...-. do._._- 10.30 & m__... 3.07 .044 | .75 61 Ce cae ie (4) 10 
Do " _do__...|.....do._. 2... 3.51 ( .055 |] .68 | 1.32 | 3.45 - 2.75 70} (3 YW 
Do....... Hole 5_._.. 11.30 a. m._..- 3. 42 404 | 151 | 1.47 | 3.19 , 28) 38} (’’ 12 
Do.._.. oe eee do..__.|................] 3.20 .330} .75 5 eae ee ee) ee Q) 13 
Feb. 20,1924 | Cast. ___.. 10.30 a. m_...- 1. 39 060; .63 fey a earn (Open Sores Wee ¢ \4 
Do....... Hole 4._... 11.30a.m....- 24 080 | .14 i aE ar. eer Len (1) 15 
DO iets Cast... 5.30 p.m__.... 1. .019 | . 64 OS) soe ste| sacle pas | (') 16 
Feb. 21,1924 |... _. do... 10.30 a. m..... 1. 53 .023 | .8 AG le oe esc colbetewnes ; @ ‘ 
YO... Hole 4._... PU BOB oT ect ocala ce tetas al dee BA ee se a | (J 18 
YO... .| Cast §.30 p.m___._- 1. 20 .023 | .75 oe | eect (ere ame Be es a) 19 
Feb. 25, 1924 |.....do....- 10.30 a. m.....| 2.36 .036 | .56 £65 | 3.20 |... i" mY 
Do._..... Hole 4.__.. 11.30 a.m... 24 | .075; .39 | .24/ 1.58) .020/ 1.60; (1) | 121 
Do... Cast _.....|530p.m...... 906 | .025 154] 823200. chee. , @) 2 
Feb. 26,1924 |... do... 10.30 8. M_.... 2.45 | .021| .54 | .47 | 3.41 .....2-f ee. oe a 
D0: 2s Hole 4__._. 11.40a.m_.....} .080] .057! .45 i. eas (ee 7. Seen, eR (1) ‘m4 
Do....... Cast..._._. 5.30 p. m__..-- 2.16 021 | . 057 | 52 | eevee | conde | ahs (') 3B 

| 

[es iret, haere eee Denese 


1J3.S. Landers. chief chemist, Central Iron & Coal Co., Holt, Ala. ‘ §0-gram sample. 


ees wo Se 


? Bureau of Mines, Minneapolis, Minn. 
4 Metal pellets removed from slag, 
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$98.11 per cent metallic iron. 
$98 per cent metallic iron. 
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TaBLeE 5.—Composttion of furnace slag, compared with samples from holes 4, 6, and 6 


Date 


Dec. 10, 1934 | Cinder notch | 36. 


Deo. 20, 1924 rar 36. 55 


Do...-....]_.--- ae neeees 38. 
Do....... Cinder notch | 36. 80 

Dec. 21, 1924 |..... do__.... 37. 
Jan. 30, 1924 |__... dOss<.-- 37.00 
Jan. 31,1924 | Hole 5......] 36.15 
Do......-}....-do...-.. 38. 60! 
Do.....-- Cinder notch | 35. 45 
erence!) | Rereaean do......| 35. 20 
Feb. 10, 1924 |.__.. do...-.. 36. 80 
Feb. 11,1924 ] Hole §.-.-.... 35. 24 
Do......-}..... do..--... 31. 95 
Do....-.-].-.-- dn. .... 32. 50 

32.9 

Do....... Cinder notch en 30 
Do.......].....do_....-] 35.20 
Do.....-.]...-- do. ___.- 36. 40 
Feb. 20,1924 | Hole 4...._.| 34.00 
Do....-.- Cinder notch | 34. 10 
Feb. 21,1024 |.._.- do......| 33, 24 
Feb. 25,1924 | Hole 4__-__. 43. 20 
Do.___-... Cinder notch | 34. 60 
Feb. 26,1924 | Hole 4.._... 44. 00 


Composition of slag,’ per cent 


17.27| 31.50} 13.03. 3.27 

16. 02} 31.40] 13.01: 2.44] 2,32 
20, 87| 341.221... _.. 2.21 

17. 201 8 44. 241. 1, 56 

15. 86] 2 27, 22/2028. .o2| 4.00 |... 
sie ieee cae ) i | on 
14,36) 250, 2. 1. 86 

13. $6} 241. 48).0000. 06 

16. 70) 2 46. 56|..___ 1. 64 

14.50| 25.45} 876 ol 4.06 |... 
1S. 64! 3 47, 73}. 1. 68}_....-}-... 


ee ed 


ae wwee cleerwa 


| Analysis by— 
| Sample No 


bo 
-~ 
ee ee See? 
te 
— 


Remarks 


Composite sample 
2 hours. Si 
sample en 
sample tube. 

When tube was {n 
center of hearth. 

Do. 

Composite sample, 

2% hours. 
Do. 


Do. 
Slag from sample 
nore 5. 


Compesite sample, 
Do. 


Do. 
Slag from sample 
hole 6. 
200-pound sample, 
11.50 8. m., con- 
tained metal 
shot. Slag den- 
sity, less t 1. 
Color, gray to 
black; soft and 
porous 
1.30 p. m. flush. 
2.15 p. m. Mush. 
3 p.m. flush. 
Composite sample, 
24 hours. 
Contained 18 per 
cent carbon. 
Composite sample, 
24 hours, 
Do. 


Do. 
Contained 2 per 
cent carbon. 


25| Compasite sample, 


24 hours. 


; 1 Fe sa Mnealculated to FeOQand MnO. AlsOs determined by difference, FesO; and Mn:0, subtracted 
rom Ra 
3 Ratio=(Ca0 + MgO) +(8103+Al303+8). 
* Includes MgO 


* 1. 8. Landers, chief chemist, Central Iron & Coal Co., Holt, Ala. 


§ Bureau of Mines laboratory, Minneapolis, Minn. 
® Carbon and iron oxide calculated out. 


103113°—26——2 
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TABLE 6.—Analyses of coal and coke samples ! 


Fixed car 


7,700 | 7,406 
B.t.a 18, 060 | 13, 330 


’ Analyses by Bureau of Mines coal laboratory, Pittsburgh, Pa. 

9» Bample of poor grade of bone. 

* Sample of coal used for foundry coke. 

¢ Coal used for making blast-furnace coke, February, 1934, composite monthly sample. 

® Furnace coke, viding ‘rye aad ae sample for February, 1924. 

® Forms of sulphur by method given in Bureau of Mines Technical Paper 254. 


DISCUSSION OF RESULTS 
GAS SAMPLING 


The results of gas sampling at the various planes are shown in 
Table 1, and the CO, content is plotted in Figure 2. By determining 
the amount of oxygen entering the furnace in combination with the 
metallic oxides and the amount of oxygen removed from the oxides of 
the metals at the various planes, the amount of reduction could be 
judged. The results show that 6 per cent of the work of reduction 
was complete at plane 1, 18.9 per cent at plane 3, and 80.5 per cent at 
plane 4; it was assumed that the process was complete at the tuyére 
plane. These results have been plotted in Figure 4. 


STOCK SAMPLING 


Stock sampling at plane 4 is shown in Table 2, which indicates that 
86.6 per cent of the iron in the burden is in the metallic form, 4.5 per 
cent as FeO, and 8.9 per cent as Fe,0;. Gas sampling indicates that 
80.5 per cent of the iron in the burden is in the metallic form; stock 
sampling shows 86.6 per cent at plane 4. 

If both results are considered, 80 to 85 per cent of the iron in the 
burden has been reduced from the oxide state to metallic iron and & 
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There is, however, 


DISCUSSION OF RESULTS 
About 70 per cent of the ore used in the southern district is red 
hematite. Tests have shown that this ore is not generally amenable 
to gravity concentration, and that the difficulty of treatment in a 


the concentration of the hard red odlitic or fossiliferous ores of the 
blast furnace increases with the silica content. 


working on problems of ore beneficiation, especially those interested 
southern district. 


metallic particles. This fact might be of interest to those who are 


disseminated throughout the gangue material as sponge or small 
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These particles 


MICROSCOPIC EXAMINATION OF STOCK 
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Fraure 4.—Relation between CO, COs, temperature, and distance above tuyéres 


Microscopic examination by R. E. Head, microscopist for the 
If the particles of high metallic content (normal and odlitic types) 
could be separated from the disseminated iron particles by selective 


Bureau of Mines at Salt Lake City, of stock samples from plane 4 


showed that they consist of three types of particles 


physical characteristics and metallic iron content. 
magnetic methods, a good grade of metallic iron product would be 


composed of metallic iron disseminated in gangue containing as high 
as 50 per cent foreign matter; (2) and (3) are shown in Figures 5 and 6. 


may be classified as (1) normal sponge iron, (2) odlitic sponge iron, 
containing comparatively little gangue matter, and (3) particles 


metallic state and then separating the iron from the gangue material 


a possibility of reducing the oxides in these refractory ores to the 
by concentration. 
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obtained, and tailings consisting largely of the particles containing 
disseminated iron in gangue could be crushed for further treatment. 

As the metallic iron particles in the mixed grains are small, it is 
thought that crushing to minus 150 mesh will be necessary to free 
them. 

Furnace treatment has rendered the gangue material somewhat 
brittle, therefore it is thought that direct impact crushing, such as by 
a stamp or rod mill (dry), might give the best results in freeing the 
metallic iron from the gangue. 


METALLOIDS 


In its transformation to metallic iron, iron oxide takes up silicon, 
sulphur, manganese, phosphorus, and carbon, and furnace operators 
will be interested to know where and in what quantities these ele- 
ments enter the metal. Tables 3 and 4 compare the composition of 
the metal produced with that of the metal samples obtained from 
sample holes 4, 5, and 6. The results show that the metallic iron 
at plane 4 has taken up large amounts of these elements. 

Metal produced from this furnace generally contains 2 to 3.5 per 
cent silicon, less than 0.05 per cent sulphur, 0.50 to 0.70 per cent 
phosphorus, 0.45 to 0.70 per cent manganese, and 3 to 4 per cent 
carbon. These figures and the analyses of individual casts in Tables 
3 and 4 might be used as a basis of comparison, with the metal 
obtained from the sample holes. 


SILICON 


That the amount of silicon in the metal depends upon the tem- 
perature of the hearth and the composition of the slag? is generally 
conceded. Royster and Joseph have advanced the theory that the 
content of silicon in the metal depends upon that in the coke ash. 

Table 7 has been arranged to show the silicon content of the metal 
taken from the various sample holes, compared with the silicon 
content of the metal produced at cast: 


TABLB 7.—Comparison of the average silicon content of several casts of metal with 
the silicon content of samples from various sample holes 


Silicon in metal, per cent | pescentof ‘ 


Hole No Rebate east total silicon 
At sample Caste sae 
hale est me 
Ae ere ee ee ceteoe ea eee oh ae te ee eS 8), 42 107 cee deeesecees 
Based hae othe tt te ea Se Cena nae os eRe oS yeh ns aaah hen 2. 55 2.92 87.4 
O (tus Ore WV 0D) 22a ead nian oe ay beeen caw en ees cate | 2.95 3. 00 $8.3 


| , 
ee 


« Average of a number of samples from casts before and after each sample was taken at sample holes. 

® Probably included SiOs. 

9 Johnson, J. E., jr., Principles, Operation and Products of the Iron Blast Furnace. New York, 1915 
p. 243. 

? Royster, P. H., and Joseph, T. L., “Pyrometry in blast-furnace work": Trans. Am. Inst. Min. and 
Met. Eng., volume on “ Pyrometry,” 1921, pp. 544-558; discussion, pp. 558-567. 
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Figure 5.—Particle of odlitic iron, showing hollow center and alternate bands of metallic iron 
and gangue with slag. Magnification X 125; actual field approximately 0.8 mm.. 
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DISCUSSION OF RESULTS ll 


Silicon is reduced by carbon in the electric furnace at 1,460° C. 
in the presence of iron; ferrosilicon is formed at about 1,200° C. 
From this, it is logical to believe that, as the temperature of plane 4 
was 853° C. and that of plane 5, 1,350° C., the metal would take up a 
considerable part of its silicon in the cast by the time it had reached 
plane 5. Table 7 shows that the average silicon content of the metal 
at cast was 2.92 per cent and at hole 5, 2.55 per cent. The metal 
had taken up 87.4 per cent of its silicon by the time it reached this 
point in the furnace. At the tuyére plane the metal had acquired 
an additional 11 per cent silicon. 

The data show that most of the silicon enters the metal in the bosh 
of the furnace. As the temperature required to reduce silicon is 
higher than that required to reduce other oxides it would be expected 
that the silicon would enter the metal in the lower part at the bosh 
of the furnace rather than higher up. It is probably correctly as- 
sumed that the silicon content of the metal depends upon the tem- 
perature maintained in the furnace. High temperature is the first 
prerequisite for obtaining high silicon. 

The silica in the coke ash has little effect on the resultant amount 
of silicon entering the metal. The coke does not release its silica 
until combustion occurs in the relatively small zone of combustion 
at the nose of each tuyére. Before the metal reaches this level it has 
taken up the greater part of the silicon it will acquire, but the tem- 
perature of the combustion zone probably assists the last traces of 
silicon to enter the metal. There is no reason, however, to believe 
that the small amount of silicon taken up at the tuyére level is selected 
from the silicon in the coke ash in preference to that from other 
sources. 

MANGANESE 


Manganese oxide is reduced in the presence of carbon at 1,105° C.; 
ferromanganese forms at 1,030° C. Manganese will enter the metal 
in the zone of fusion, but actual samples show that a small amount 
of manganese has entered the metal at plane 4. The analyses in 
Table 3 show that the average manganese content of the metal from 
15 casts was 0.53 per cent and that the metal samples taken from 
planes 4 and 5 contained 0.22 per cent and 1.10 per cent, respectively. 
Approximately one-third of the manganese had entered the metal 
while it was in the sponge-iron zone. While the metal was in 
the bosh of the furnace, traveling from plane 4 to plane 5, it 
took up 1.10 per cent, about twice the quantity found in the metal 
samples obtained from cast. It must be pointed out that those 
samples were taken at hole 5 just above the tuyére level. On com- 
paring these results with those of metal samples taken at cast it 
would appear that considerable manganese had been oxidized while 
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the metal was passing through the tuyére zone. This finding is 
rather unexpected inasmuch as Bessemer, open-hearth, and electric- 
furnace reactions prove that silicon is oxidized preferentially or 
along with the manganese. Here manganese is reduced by half 
while silicon is gaining 12 per cent. The fact that the metal loses 
considerable sulphur at the same time indcates that the manganese 
may be lost as manganese sulphide. 


PHOSPHORUS 


Phosphorus charged with the raw material generally enters the 
metal and it would be desirable to eliminate it, but so far this is not 
practicable. Itis generally conceded that all of the phosphorus enter- 
ing the furnace finds its way to the metal, unless the furnace is working 
abnormally. Careful examination was made of the analyses of the 
materials charged in the furance, and it was found that the results 
agreed with these statements. Samples from 15 casts of metal gave 
an average phosphorus content of 0.64 per cent, samples taken from 
hole 4, 0.32 per cent, and from hole 5, 0.54 percent. The results show 
that half of the phosphorus had entered the metal or was very in- 
timately in contact with the metal before it had reached plane 4, and 
approximately 84 per cent had entered the metal by the time it had 
reached plane 5, The ease with which the metal takes up the 
phosphorus is readily shown by the results. As phosphorus is not 
completely reduced until a temperature of 1,150° C. is attained, it 
quite possible that it was not in phosphide form until a point well 
down in the bosh was reached. 


CARBON 


For a long time it has been known that iron will take up various 
elements when heated in their presence, and carbon is probably 
absorbed most readily. These experiments show that the order m 
which iron absorbs such elements during the blast-furnace process 
is as follows: Carbon, sulphur, phosphorus, manganese, and silicon. 

The analyses of metal samples in Table 4 indicate that the iron 
has readily absorbed a large amount of carbon by the time it reaches 
plane 4 and that the carbon in the metal from the casts contained an 
average of 3.39 per cent. At plane 4 the metal contained 1.29 per 
cent, and at plane 5, 3.19 per cent, while four samples from the 
tuyére plane gave 3.68 per cent. More than one-third of the carbon 
has been taken up by the metal by the time it reaches plane 4; the 
remainder is absorbed in the bosh of the furnace before reaching the 
tuyére level. 
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DISCUSSION OF RESULTS 13 
SULPHUR 


Table 8 gives the average sulphur content of a number of samples 
of metal taken at sample holes 4 and 5 and at the tuyére level. The 
results are compared with the sulphur content of metal samples 
taken from casts just before and after the samples were obtained 
from the various sample holes. 


TABLE 8.—Comparison of sulphur content of metal samples taken at various eleva- 
tions in the furnace with the sulphur content of metal produced (per cent) 


At sample 
Source hole? Cast 
G16 6 ple eon ccodadcicteu ss oieeh et aun ore ee dd eeeek 0. 070 0. 028 
MO ea es ces iG ter ct ne a Wr ke chee is ee ste ee a .179 - O41 
MUPY CEO IOV El oc o ioe. Se et OTace eeetaversahasieuiioet ecusmoteotuenecesoeoy . 072 . 045 


The sulphur taken up in the metal above plane 4 was absorbed 
from the coke while the iron was spongy and may have been ab- 
sorbed by the oxides of iron before reduction. Wuerst and Wolff ‘ 
have shown that iron oxides will take up sulphur, and Hilgenstock ° 
reports the results of some experiments on the absorption of sulphur 
by iron when heated in the presence of coke. Table 9 gives the 
results of these experiments: 


TaBLE 9.—Exzperiments on the absorption of sulphur by tron (after Hilgenstock) 


Condition of metal Bi Mn Cc 8 


The experiments of Hilgenstock show that the metal will absorb 
sulphur when heated in the presence of coke. These experiments 
were performed on a laboratory scale. The results of Table 3 show 
that a similar result is found in the blast furnace. Analyses of the 
metal samples taken at plane 4 show that the metal has taken up 
0.070 per cent of sulphur, more than the tolerant amount. It has 
been increased to twice the tolerant limit by the time the metal 
has reached the elevation of plane 5, 27 inches above the tuyére 
level. Desulphurization has taken place between this level and the 
tuyére level, where the sulphur content had been reduced to 0.072 
per cent. The ease with which the metal takes up sulphur (above 
plane 4) in the sponge-iron zone is readily shown in the analyses. 
The metal evidently continues to take up sulphur until it is well 

‘Wuerst, F., and Wolff, P., ‘Sulphur in coke and its bebavior in the blast furnace’’: Jour. Iron and Bteal 
Inst., vol. 67, 1905, pp. 406-432. 


* Hilgenstock, G., (‘‘Elimination of salphur from iron’’}: Stahl u. Eisen, Jahrg. 13, 1803, pp. 451-462; 
Jour. Iron and Steel Inst., vol. 44, 1803, pp. 435-437. 


Google 


14 COMPOSITION OF MATERIALS IN AN IRON BLAST FURNACE 


down into the bosh of the furnace, and desulphurization therefore 
takes place between a point below plane 5 and the crucible. This 
will be discussed later. 


AVAILABLE SULPHUR COMPARED WITH THAT TAKEN UP BY METAL 


Actually the quantity of sulphur taken up by the metal is small 
compared with that which is available in the furnace. A study of 
the composition of the materials entering the furnace shows that 
about 0.0150 pound of sulphur is charged for every pound of iron 
produced. The tolerant limit on sulphur in the metal produced is 
0.050 per cent, or 0.0005 pound of sulphur per pound of metal. It 
may be seen from this that the metal produced at cast, if under the 
tolerant limit for sulphur, will contain less than 3.33 per cent of the 
sulphur charged. Comparing this with the results on plane 4 it 
will be seen that the metal has taken up 4.7 per cent of the available 
sulphur and at plane 5, 12 per cent. 


DISCUSSION OF SULPHUR REACTIONS 


The presence of sulphur is detrimental to the blast-furnace proc- 
ess, and in an attempt to improve it much work has been done on 
the methods of removing sulphur from coke.* With this has come a 
study of the forms of sulphur in coke’ and a physical-chemical 
study of the forms of sulphur in coke and their effect on blast- 
furnace reactions ° as well as a study of the effect of the presence of 
sulphur on the cost of producing iron.® 

The work of previous investigators shows that the blast-furnace 
gases might be expected to remove some of the sulphur from the 
coke by the time the latter had traveled from the stock line to the 
elevation of plane 4. Investigation of a southern furnace by the 
writer shows that the gases in the interior of the furnace at plane 
4 have the following composition: CO,, 1.1 per cent; O,, 0.0 per cent: 
CO, 33.6 per cent; H,, 0.8 per cent; and N,, 64.5 per cent. 

As the gases approach the stock line the composition changes; 
the CO, increases and the CO decreases. The composition of the 
gases in the center of the furnace changes little in a column between 
plane 4 and the stock line; here most of the charge is composed 
of coke and the gas composition is about as shown above. It would 
be expected that these gases would affect the sulphur in the coke. 


_ 


© Powell, A. R., and Thompson, J. H., A Study of the Desulphurization of Coke by Steam: Cea!- 
Mining Investigations, Carnegie Inst. of Technol. and Bureau of Mines, Bull. 7, 1923, 56 pp. 

T Powell, A. R., ‘Forms of sulphur in coke”: Jour. Am. Chem. Soc., vol. 45, 1 923, pp. 1-15 

8 Powell, A. R., ‘‘Forms of sulphur in coke and their effect on blast-furnace spice Trans. AD. 
Inst. Min. and Met. Eng., vol. 69, 1923, pp. 567-598; discussion, 599-603. 

* Joseph, T. L., Effect of Sulphur on the Blast- Furnace Process: Bureau of Mines ‘nee (unpub- 


lished), 1934. 
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Table 10 gives examples of a few laboratory experiments by Sim- 
mersbach and Wolff,*° who removed sulphur from coke with blast- 
furnace gas and its various constituents. 


TABLE 10.—Effects of blast-furnace gas, carbon dioxide, carbon monoride, and 
nitrogen on the sulphur in coke 


Per cent of sulphur removed by— 
Temperature, °C. em 
Blaser | Gaston | Cartan, | Nitgogen 


ee se a EESSEEEEEnnll lnmaceenenenennEERO 


PIM oie one edb nEoek Pea Bate eens mersce eee ec uake 12. 84 6. 47 12. 30 2.41 
COD a ann Ole concede ee eoeeeeewa od eke duce onns are oe 13. 27 8. 32 16. 89 4. 90 
BUN see en en a Eon ee Olen a a Neon ae 36. 83 16. 00 30. 80 | 5. 90 
OO oe osc out eh La Abate dan te ees eta o5: 51. 52 24. 46 | 37. 61 6. 97 
Es een ele le tie rte leet ete, es ee OL eC can nn 5A. 34 59. 24 38. 32 17. 33 


The above figures indicate that much sulphur might be removed 
from the coke with the gases in the interior of the furnace. 


FORMS OF SULPHUR IN COKE 


Forms of sulphur in coke which is charged into the furnace are 
compared with those found in the coke taken from the various sample 
holes. 

These results are given in Table 3 and have been summarized in 
Table 11, where the ferrous sulphide and free sulphur have been 
tabulated together. It may be easily seen that the sulphur in the 
coke has been affected by its travel from the stock line to plane 4. 


TABLE 11.—Sulphur in samples of coke taken from original coke charged, sample 
hole 4, and the iron notch (per cent) 


Form of sulphur ougus Samples from hole 4 | Samples from iron notch 

Ferrous sulphur and free sulphur 0. 83 
PUDONG So. cee oS Sal Se a eee un .02 " F .04 -02 Z -10 
ORBAT IG so Ske aise eto tee awe had ‘ . 3 F F 27 .06 
TOBS 3 cadie be octet aa aie ota eee ees Stee Pe ‘é 2 : Ol 
1.00 


The free and pyritic sulphur content of the coke has been reduced, 
while the sulphate sulphur has not been affected to any appreciable 
extent. The organic sulphur has been slightly reduced three times 
out of four. The total loss in sulphur is about 25 per cent. It is 
difficult to follow the coke to the lower part of the furnace on account 
of its impregnaton with slag, which alters the sulphur determinations, 
but a number of analyses are given for samples which were taken at 


% Simmersbach, C., and Wolff, Paul, ‘“‘Gasverhalten des Kokschwefels in Hochofen’’: Gluckauf, Jabrg. 
41, 1905, p. 906. 
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the iron notch. Reference to Table 6 will show that the ash hu- 
increased in this coke and that the sulphur content is about the sai 
as that in the original coke. The sulphide and free sulphur hav. 
been increased, while the organic sulphur has decreased. | 
The 25 per cent of total sulphur in the coke which has been removed | 
while the coke was traveling from the stock line to plane 4 is mad. ' 
up of free sulphur and ferrous sulphide sulphur. This sulphur ha: ' 
been taken up by the metal, the iron oxides, or the lime, or has beet | 
removed from the furnace by volatilization. Results of some Ixbor.-. 
tory experiments by Powell and analyses of samples of lime and otl.tr 


materials will show how this sulphur has been removed. Powell 7 
has shown that when coke, iron, and lime, magnesia, or sodium cuar-: 
bonate are heated most of the sulphur is taken up by the alkali anu | 
little enters the metal. Some results obtained by Powell follow 1: | 


Table 12. 


TABLE 12.—Absorption of sulphur by coke and alkalies (per cent) 


Coke | 


Original os 
coke 
CaO MgO NasC Os 
Sulphur content: 
OE GTC COR Ciao at ar take as oe te eat acd 0. 064 0. 064 0. 064 Cours: 
Of coke after expoSure........--- 2.2222 eee ee eee ee nee . 462 .076 . 098 he 


Powell’s data indicate that the sulphur would have entered the : 
metal had it not been for the presence of the lime, magnesia, or sodium | 
carbonate. In a way the results may be compared with those ob- | 
tained from the furnace at plane 4, where it has been shown there 
was 0.070 per cent sulphur in the metal. 


RESULTS OF ANALYSES OF SAMPLES OF LIMESTONE GBTAINED AT PLANE 4 


Limestone was found to be thoroughly calcined and disintegrated | 
when it reached plane 4. It was also noticed that the oxides of iron | 
had been reduced and that the metal pellets, the siliceous material 
from the ore, and the limestones were thoroughly mixed with the | 
coke. The coke of course was present in larger pieces. It might 
be said that the lime and the remainder of the charge were in inti- | 
mate contact, that experiments by Powell and Simmersbach indi- 
cated that the limestone would have taken up considerable sulphur, | 
and that this sulphur would come from the free and ferrous sulphide 
sulphur of the coke. It would be expected that the blast-furnace 
gases would help to remove sulphur from the coke, and that there 


11 See footnote 3. 
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might be a preferential absorption of this sulphur by the lime, after 
the equation of Howe.” 

FeS+Ca0+C=Fe+CaS+CoO 


Analyses of representative samples of limestone as charged and as 
found at plane 4 and a calculation of the probable composition of the 
limestone at plane 4 compared with the average analysis of a number 
of samples obtained at plane 4 follow in Table 13: 


TABLE 13.—Analyses of limestone charged, compared with those of samples obtained 
at plane 4 (per cent) 


Average | Average 
Calculated | of actual Calculated | of actual | 
Constituent | As charged comics von samples | Constituent | As charged ilcomposition|; samples 
at hole 4 collected at hole 4 collected 
at hole 4 | | at hole 4 
| 
| 
SiO ____ LLL. 1.00 | 1. 85 0.86 | P____...___.. 0. 01 0. 02 1.222 Leelee 
AlsOs | 60 | 1.12 3.02 | CaO_._...... 30. 40 56. 50 55. 2 
Fe:03. ___.... | TON ie sae et ceil acres he | MgO 21. 40 39. 00 40. 2 
SiN ay Oe ach ak paarstles | | Ae,” al RE UE 86. canna C1 (| ae en Neer ee 
MnO | an b OO Vt Saha Sian ore a ere . Of 07 1.71 
| 


1 Other samples of limestone analyzed for sulphur, not in this average, gave 0.83, 0.24, and 0.90 per 
cent 8S. 

These figures show that the limestone has taken up considerable 
sulphur. 


COMPARISON OF SULPHUR AVAILABLE AND AMOUNT TAKEN UP BY LIMESTONE AT 
PLANE 4 

It has been shown that approximately 0.015 pound of sulphur is 
charged per pound of iron produced, and that 4.76 per cent of this 
has been taken up by the metal by the time it has reached plane 4. 
Table 8 shows that 25 per cent of the sulphur has been removed from 
the coke; if this is compared with the amount of limestone at plane 4 
and its sulphur content a check should be obtained. Furnace 
reports show that at plane 4, 0.563 pound of lime is available per 
pound of metal produced. Results of analysis of the limestone 
showed 0.71 per cent sulphur, which is equivalent to 0.0039 pound 
of sulphur per pound of iron, or 0.0039/0.0150 (26 per cent). In 
other words, the limestone at plane 4 has taken up about 26 per cent 
of the sulphur in the charge. 

The analyses of limestone and metal samples taken at plane 4 
show that 26 per cent of the available sulphur has combined with the 
lime and 4.76 per cent of the available sulphur has been taken up by 
the metal. Analyses of coke samples at plane 4 indicate that 25 
per cent of the sulphur in the coke, in the form of free and ferrous 
sulphide, has been removed. Summing up, apparently about 30 per 
cent of the available sulphur has been taken up by the limestone 


is Howe, H. M., Iron, Steel, and Other Alloys. 2d ed., New York, 1906, p. 402. 
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and the metal. It is undoubtedly true that the removal of ferrous 
sulphide sulphur from the coke continues until the coke is well down 
in the bosh of the furnace, that this removal is aided by the ascending 
gases, and that the sulphur in the gases is taken up by the stone and 
metal. This would account for the additional 4 per cent of sulphur 
shown in the above balance. 


FUNCTION OF VARIOUS PARTS OF FURNACE AND RELATION TO SULPHUR REACTIONS 


Above plane 4 the function of the furnace is one of drying, cal- 
cination, and reduction, and the formation of sponge iron. In this 
zone the free sulphur in the coke is first reduced to ferrous sulphide, 
while the sulphur in the form of sulphate and the sulphur in solid 
solution are not attacked. Powell has shown that at any given 
temperature the partial pressure of the organic sulphur is much lower 
than that for sulphur in tha form of ferrous sulphide, also that organic 
sulphur will not readily change into any other form. -As the coke 
reaches the sponge-iron zone the temperatures and the decomposition 
pressure of the ferrous sulphide sulphur increase. The ferrous 
sulphide sulphur tends to pass from the coke to the lime and the 
metal. Asthe limeisin intimate contact with the coke and the rest of 
the charge the reaction may be preferential absorption of sulphur. 

Slag formation occurs just above the bosh of the furnace, where 
the acids and bases in the charge, with the exception of those in the 
coke ash, have been released and are fairly well mixed; with increas- 
ing temperature they become pasty and then fluid. Stock samples 
from plane 4 show a varying amount of slaglike fused material, 
depending upon the temperature of the furnace. Probably the slag 
at plane 4 never exceeds 3 to 4 per cent of the charge. The slag is 
not of the character of that found at the cinder notch, but is of 
variable composition. The slag is usually impregnated with particles 
of metal, iron oxide, and carbon. Table 14 gives analyses of the 
samples of slag after the metallic iron has been removed. 


TaBLeE 14.—Analyses of slag samples from plane 4 (per cent) 


Constituent 


Most of the material at the elevation of plane 4 is made up of acids 
and bases which have not reached a state of fusion. Table 15 give 
analyses of a number of samples. Particles of metal are found inter- 
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mingled in the samples. It is noticeable that these particles have 
not been covered by slag, and many of them probably find their 
way to a point well down in the bosh of the furnace before they are 
mixed with slag. Some of the metal may not be covered with slag 
until it finds its way to the slag bath in the hearth of the furnace. 
The metal would then continue to take up sulphur from the ferrous 
sulphide sulphur in the coke until the metal became covered with 
slag; it would also take up organic sulphur released from the tuyére 
level by the combustion of coke.- This no doubt accounts for the 
high percentages of sulphur found in the metal samples obtained at 
plane 5. When the metal becomes covered with slag, desulphur- 
ization probably starts. The activity of the slag as a desulphurizing 
agent depends upon its composition and viscosity. Some of these 
factors have been discussed thoroughly by Royster and Joseph, 
and Feild and Royster." 


Tass 15.—Analysis of nonmagnetic portion from sample hole 4 (per cent) 


Constituents 1 2 3 4 Constituents 1 2 3 4 
| eee ere 17.7 8&0 9. 6 §.6 || CaO_. 2-22 eee. | | 14.7 13. 2 
SiOg._.-------.-. 20. 10. 2 34. 6 26.8 |) MgO_...._._..-- (ats AO oa oe &9 5.0 
Als03. 10.9 |...-.... 11.4 Bee Ce eee iia | 42.4 40.0 14.0 37.2 

i 


COMPOSITION OF SLAG 


The composition of the slag recovered from the cinder notch is 
not similar to: that found at the elevation of planes 4, 5, or at the 
tuyére level. Physical measurements, such as viscosity, density, 
and melting point, of samples taken at the flush are not representa- 
tive of the slags found in the bosh of the furnace. Feild and Royster 
have shown that slag composition varies from cast to cast and from 
one part of a cast to another. In a way this is representative of the 
variation of slag composition on the interior of the bosh of the furnace, 
only the differences are more marked. The viscosity, melting point, 
and density of the samples taken from the slag at the cinder notch 
are probably fairly representative of the slag which rests on the metal, 
but are not at all representative of that which is being formed in the 
bosh of the furnace or that which is formed at the tuyére level. The 
writer has often seen flushes of average composition followed by 
flushes that were black and contained slag of an entirely different 
composition. 

1} Royster, P. H., and Josepb, T. L., ‘“‘ Pyrometry i: blast-furnace work ’’: Trans. Am. Inst. Min. and 
Met. Eng., volume on “ Pyrometry,”’ 1921, pp. 544-558; discussion, pp. 558-567. 
Feild, A. L., and Royster, P. H., ‘“‘Temperature-viscosity relations in the ternary system, CaQ-Al30:- 


8i03’’: Trans. Am. Inst. Min. Eng., vol. 68, 1918, pp. 60-64; Tech. Paper 189, Bureau of Mines, 1918, 35 pp. 
Slag-Viscosity Tables: Tech. Paper 187, Bureau of Mines, 1918, 37 pp. 
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Although the slag at the cinder notch may be normal the slag that 
may run back in a tuyére blowpipe may be black and of a different 
character. In other words, the slag as tapped is not completely formed 
until it reaches the metal bath; the bosh and hearth of the furnace 
are not efficient mixing chambers. There may be a lean slag at one 
side of the furnace with a rich one at the other. These effects are 
probably caused by the nonuniformity of materials and uneven move- 
ment of stock, caused by the localized combustion zones at the tuyéres, 
all of which affect the elements entering the metal. Such evidence 
strongly indicates that the slag in the hearth and bosh of the fur- 
nace is not uniform,in composition and that it would be desirable 
to study the physical properties of slags which are representative of 
those found in the bosh and near the tuyéres of the furnace, rather 
than the properties of those that have passed through the furnace 
and have found their way to the slag dump. 

In the upper part of the bosh where the slag first appears there is 
an excess of lime which tends to form a limy slag. The slag does not 
take up its total silica until it has reached the level of the tuyéres, 
where the silica in the coke ash is released. Until the slag reaches this 
point it is likely to be very limy; in fact, tlre higher the ash in the coke 
the more limy the slag. This is probably an advantage to sulphun- 
zation but does not cause smooth working of the furnace. It has 
been shown that 25 per cent of the sulphur of the coke has been trans- 
ferred from the coke to the metal and slag by the time the charge has 
reached the top of the bosh, and 75 per cent of the sulphur in the coke 
is released in the bosh and tuyére zone of the furnace. The organic 
sulphur in the coke is released at the tuyéres by means of combustion 
of the coke and is then taken up by the limy slag in the bosh of the 
furnace. . 


REMARKS ON SULPHUR CONTROL 


A number of investigators have shown that liming of coke and the 
treatment of coke by steam, carbon monoxide, nitrogen, and other 
gases will remove part of the sulphur from the coke as ferrous 
sulphide. Continuation of the above processes is being carried on 
in the upper part of the furnace. The results of sampling coke at 
plane 4 show that the lime and the blast-furnace gases have removed 
about 25 per cent of the sulphur from the coke, and that this represents 
about half of the sulphur which was present in the coke as ferrous 
sulphide and free sulphur. The remaining 75 per cent of the origin: 
sulphur in the coke must be removed in the bosh of the furnace; 20 
per cent is present as ferrous sulphide and is probably removed before 


—— 


“For review of previous work see “A Study of the Desulphurization of Coke by Steam,” by -\. R. 
Powell and J. H. Thompson, Coal-Mining Investigations, Carnegie Inst. of Technol. and Bureau of 
Mines, Bull 7, 1923, pp. 3-12. 
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the coke reaches the tuyéres, while the remainder is present as sulphate 
and organic sulphur, which is released from the coke at the time of 
combustion. The greater part of the sulphur is removed when the 
coke is near the tuyéres; this sulphur is thrown into the gas and then 
into the metal or slag. These conditions cause most of the removal of 
sulphur from coke and the desulphurization of the metal to take place 
in a comparatively small zone in the lower part of the furnace. 


SUMMARY AND CONCLUSIONS . 


1. Results of sampling stock and gas in the upper part of the 
blast-furnace stack show that 80 to 85 per cent of the iron in the 
burden has been reduced to the metallic form by the time it has 
reached a point 1914 feet above the tuyére level. 

2. It has been shown that metal, in the form of sponge iron, has 
taken up, or is in intimate contact with, considerable quantities of 
carbon, sulphur, phosphorus, manganese, and silicon by the time 
it has reached plane 4, which is 1914 feet above the tuyére level and 
8 feet above tho bosh level. 

3. About 87 per cent of the silicon entering the metal is taken up 
while the metal is in the bosh above plane 5, and the remaining 12 
per cent is taken up between plane 5 and the crucible, 27 inches above 
the center line of the tuyéres and the crucible. 

4. It has been shown that the silica in the coke ash has little effect 
on the amount of silicon in the metal, because the metal has obtained 
most of its silicon before it reaches the tuyére level. 

-5. Approximately one-third of the manganese enters the metal or 
is very intimately associated with it above plane 4. The manganese 
content of 15 casts was 0.53 per cent: metal samples from planes 4 
and 5 contained 0.22 and 1.10 per cent, respectively. Between 
planes 4 and 5 the metal takes up considerable manganese, part of 
which is probably oxidized later in the tuyére zone. 

6. All of the phosphorus has entered the metal by the time the 
metal has reached plane 5. Approximately one-half of the phos- 
phorus has entered or become intimately combined with the metal 
at plane 4. 

7. More than one-third of the carbon has been taken up by the 
metal by the time it reaches plane 4; the remainder is taken up while 
the metal is in the bosh of the furnace and before it reaches the level 
of the tuvéres. 

8. The tolerant limit on sulphur is 0.05 per cent. At planes 4, 5, 
and 6 the metal contained approximately 140, 360, and 140 per cent, 
respectively, of the tolerant limit. At plane 4 the metal had taken 
up 3.33 per cent of the sulphur which had been charged into the 
furnace, while at plane 5 the metal had taken up 12.0 per cent of the 
available sulphur. The results show the ease with which the metal 
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has taken up sulphur in the upper part of the furnace; they als 
readily show that the metal continues to take up sulphur while it is 


in the bosh of the furance, probably due to the fact that part of the | 


metal is not covered by slag, and therefore subject to contamination 
with sulphur produced from combustion of coke at the tuyére level. 

9. Determination of forms of sulphur in coke samples at plane + 
shows that approximately 25 per cent of the sulphur has been re- 
moved from the coke by the time that it reaches this plane, and that 
the sulphur which has been removed is that which existed in the 
coke as ferrous sulphide and free sulphur. About half of tho ferrous 
sulphide and free sulphur has been removed at plane 4. 

10. Analyses of samples of limestone taken from plane 4 show that 
the lime has taken up 0.77 per cent sulphur, which is approximately 
26 per cent of the available sulphur originally charged. Coke at this 
point has lost 25 per cent of its sulphur and the metal has taken up 
3.33 per cent of the available sulphur. Preferential absorption of 
sulphur by lime in the upper part of the furnace is demonstrated by 
these results. 
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